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ALUMINUM PENICILLIN ADMIMSTERED ORALLY: COMPARISON
WITH SODIUM PENICILLIN*
WILLIAM P. BOGER, M.D. AND JOHN 0. BEATTY, M.D.
There is a very limited literature on the subject of the aluminum salt of peni-
cillin (1—5), distinguished from the mixtures of penicillin and aluminum-contain-
ing compounds (6-10). Aluminum penicillin is insoluble in water and quite
stable. It has been proposed that the insolubility of aluminum penicillin might
protect this salt of penicillin against acid destruction during passage through
the human stomach. It might be expected, therefore, that the aluminum salt
of penicillin would give rise to higher penicillin concentrations than more soluble
salts. The few published reports do not give a definitive answer to the question
of whether aluminum penicillin has an advantage over the other salts of the
antibiotic and hence the following work was undertaken.
MATERIAL
Eighteen healthy, adult subject were chosen for this study. All of the subjects
were between 20 and 30 years of age. There were tw-o female and 16 male sub-
jects, and both renal and cardiac diseases were specifically ruled out in all cases.
PROCEDURE
The investigation was carried out using groups of six patients and on each day
of test, three subjects received a single 100,000 unit dose of potassium and three
subjects aluminum penicillin. Two days later each patient received the type of
penicillin that he had not received on the previous occasion. Thus, a "cross-over"
pattern of administering the penicillins was followed throughout the study. The
penicillin doses were administered to fasting subjects, and no food w-as taken for
at least one hour subsequent to the ingestion of drug. Blood samples were drawn
thereafter at intervals of 4, 2, 4, 6, and S hours. The handling of these samples
and the penicillin assay methods employed hsve been previously described (2).
Eight hour urinary recoveries of penicillin were estimated by collecting urine for
two 4 hour periods following the administration of the drug and assaying each
collection for its penicillin content. Twelve subjects were studied after the oral
administration of a single 100,000 unit dose of potassium and aluminum peni-
cillin. The results are presented in Table I.
Certain observations indicate the possibility that the slower absorption from
the gastrointestinal tract of aluminum penicillin may give rise to higher and more
sustained plasma concentrations than those following a similar dose of a soluble
penicillin salt. If this were true, there would be a likelihood that follow-ing the
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repeated administration of aluminum penicillin, penicillin would "accumulate"
in the plasma. Six patients were studied in an effort to determine whether or not
such an accumulation did occur. Following the "crossover" pattern described
TABLE I
A lunjinum and potassium penicillins compared
100,000 units single oral dose
PLASMA PENICILLIN CONCENTRATION URINARY PENICILLIN RECOVERY
PE1CC. (Penci11jn- Units/mi.) (PENICILLIN-UNITS IN WHOLE SPEC.) % ORAL DOSEPATIENT AGE RECOVERED INSALT 8 lIE. URINE
hr. 2 hr. 4 hr. 6 hr. 8 hr. 0—4 hr. 4—8 hr. 0—8 hr.
RH 30 Pot. 0.17 0.02 0.02 0 0 5,278 702 5,980 6.0
Al. 0.02 0.04 0 0 0 3,406 585 3,991 4.0
BJ 22 Pot. 0.06 0.06 0.04 0 0 12,215 1,470 13,685 13.7
Al. 0.09 0.13 0 0 0 8,646 1,144 9,790 9.8
B Pot. 0.02 0.21 0 0 0 10,830 638 11,468 11.5
Al. 0.19 0.18 0 0 0 10,425 1,846 11,271 11.3
MR 30 Pot. 0.33 0.04 0 0 0 5,632 495 6,127 6.1
Al. 0.15 0.02 0 0 8,064 1,200 9,264 9.3
AT 26 Pot. 0.12 0.02 0 0 0 4,075 575 4,650 4.7
Al. 0.23 0.03 0.02 0 0 9,968 720 10,688 10.7
1W 24 Pot. 0.35 0.08 0 0 0 11,450 756 12,206 12.2
Al. 0.12 0.13 0.02 0 0 12,602 653 13,255 13.3
ED 24 i'ot. 0.10 0.16 0 0 0 21,720 3,102 24,822 24.8
Al. 0.03 0.11 0 0 0 6,468 943 7,411 7.4
Pot. 0.04 0.02 0 0 0 4,397 496 4,893 4.9
WG 27 Pot. 0.05 0.03 0 0 0 5,500 232 5,732 5.7
Al. 0.03 0.18 0 0 0 7,568 667 8,235 8.2
Pot. 0.22 0.11 0 0 0 6,696 357 7,053 7.1
PH 22 Pot. 0.10 0.05 0 0 0 14,472 1,956 16,428 16.4
Al. 0.19 0.05 0 0 0 8,894 1,168 10,061 10.1
Pot. 0.16 0.02 0 0 0 4,826 744 5,570 5.6
RH 24 Pot. 0.14 0 0 0 0 3,353 167 3,519 3.5
Al. 0.05 0.05 0 0 0 13,337 738 14,175 14.2
Pot. 0.03 0 0 0 0 3,680 168 3,848 3.9
CJ 25 Pot. 0.05 0 0 0 0 1,900 76 1,976 2.0
Al. 0.05 0.05 0 0 0 10,672 391 11,063 11.1
Pot. 0.02 0.02 0 0 0 5,764 285 6,049 6.1
JT 21 Pot. 0.23 0.05 0 0 0 6,989 450 7,439 7.4
Al. 0.21 0.05 0 0 0 14,486 1,789 16,274 16.3
Pot. 0.05 0.03 0 0 0 10,668 483 11,151 11.2
Averages Pot. 0.13 0.05 00 0 7,742 7311 8,477 8.5
Al. 0.11 10.0710 0 0 9,546 987 10,456 10.5
above, six fasting patients received oral doses of penicillin at 8 A.M. and no
food was permitted within the next hour. Thereafter the patients were given
100,000 units of penicillin at four hourly intervals for 9 doses. The noon and the
4 P.M. doses of penicillin were given approximately 3 hours after the taking of
food. Blood samples were drawn at intervals of , 2, and 4 hours after the first,
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third and ninth oral doses of penicillin and urinary collections were made over
the four hour periods subsequent to each of the same doses. The results are pre-
sented in Table II.
TABLE II
Aluminum and potassium penicillins compared
Plasma Concentrations and Urinary Recoveries Following the First, Third, and Ninth
Oral Doses of 100,000 Units at Four Hourly Intervals
DATE
NINTH DOSE
PATIENT
AF
WG
CJ
RN
VR
LW
12/26
12/29
12/26
12/29
12/26
12/29
12/29
12/26
12/29
12/26
12/29
12/26
Pot.
Al.
Pot.
Al.
Pot.
Al.
Pot.
Al.
l'ot.
Al.
Pot.
Al.
FIRST DOSE
Penicillin plasma
cone. units/mi.(hours after
dose)
.
urinary
penicillin
recovery
(hours)
0-4
2 4
0.430.100 7,095
0.140.140.04 3,707
0.170.220.04 7,595
0.060.100 4,771
0.190.140.05 6,384
0.110.060 4,275
0.200.090 10,136
0.330.180.05 3,077
0.290.130 6,570
0.210.170.04 6,954
0.250.100 7,392
0.450.360.07 13,412
THIRD DOSE
Penicillin plasma
conc. units/mi.(hours after
dose)
4
0.190.14,0
0. 17 0. 100
0.04 0. 13 0
0.060.080
0.27
0.0500.11 0.10.0.04
0.330.110
0. 15 0.11 0.05
0.230.090
0.08 0.09 0.05
0.170.080.05
0.060.090
Penicillin plasmaUrinary cone. units/mi.
penicillin (hours after
recovery dose)(hours)
0-4
7,900 0.460.140
9,331 0.310.090
3,920 0.080 0
4,199 0 0.070
6,292 0.280.070
9,077 0.070.050
11,609 0.070 0
5,868 0.150100
11,517 0.350.100
5,522 0.070100
12,725 0.080090
4,662 0.150.100.05[
Urinary
peni-
cillins
recovery(hours)0-4
14,830
10,560
1,898
3,087
8,190
5,125
3,780
8,463
11,000
8,343
9,060
5,460
Averages Pot. 0.250.130.02 7,529 0.10 0.100 8,994 0.22 0.070 8,126
Al. !022017003 6,033 6,443 0.120.080.02 6,840
DISCUSSION
Oral doses of 100,000 units of penicillin were selected for this study because
in our hands, a dose of this magnitudc has consistently given a measurable
penicillemia for 2 to 4 hours. Using this quantity of penicillin, it has become
apparent that there are few "non-absorbers" of orally administered penicillin.
The rapidity with which orally administered penicillin is absorbed is indicated
by the observance of therapeutically significant plasma concentrations within a
half hour after ingestion of the drug. Not only is the drug rapidly absorbed from
the gastrointestinal tract, but it is rapidly excreted in the urine. Although no
patient showed penicillin in the plasma six and eight hours after the ingestion of
either type of penicillin, measurable quantities of the antibiotic agent were being
excreted in the urine during this same period of time. It is of interest t.o observe
that in the case of both aluminum and potassium penicillin, in this group of 12
patients, approximately ten times as much penicillin was excreted within four
hours after the administration of the dose as was excreted in the subsequent.
four hours. Table I clearly shows that there is no significant difference between
potassium and aluminum penicillin from the standpoints of either the penicillin
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plasma concentrations attained or the percent of urinary recovery over an 8
hour period. The reproducibility of plasma concentrations and urinary recovery
following the same dose of potassium penicillin to the same patients was demon-
strated by administering antibiotic twice to six of this group of twelve patients,
(E. D., W. G., D. H., R. H., C. J., and J. T.).
Examination of the observations in Table II suggest that there was no "ac-
cumulation" of penicillin in the plasma of the six patients to whom repeated
doses of 100,000 units of penicillin were administered at 4 hourly intervals. It
should be observed, furthermore, that the pattern of experiment permitted us to
determine the degree of penieillemia after a morning and an afternoon dose of
penicillin, thus giving a fair sample of the penicillin plasma concentrations to be
anticipated during the waking day of an ambulant patient. Whether one ex-
amines the individual or the average results, the agreement of the urinary re-
coveries of penicillin during the 4 hour periods following the first, third and ninth
dose of 100,000 units of penicillin, is striking. The recovery of 8 to 8% of the
administered dose is in good agreement with the observations made in the twelve
patients given single doses in this study. With repeated oral doses, just as with a
single dose, it should be noted that within four hours, the penicillin plasma con-
centrations fell to undetectable levels in the majority of patients.
SUMMARY AND CONCLUSION
The urinary recoveries and the plasma concentrations of penicillin following
the administration of aluminum and potassium penieillins have been compared
in the same 18 patients. Judged by these criteria, there is no significant difference
between these salts of penicillin, although one is highly insoluble and the other
extremely soluble in water. Detectable plasma concentrations are observed
within hour after the administration of 100,000 units of penicillin. Within 4
hours, the majority of patients fail to show detectable quantities of penicillin
in the plasma and within this same 4 hour period, from six to eight per cent of
the administered dose of 100,000 units of penicillin is excreted into the urine.
Penicillin does not "accumulate" in the plasma when 100,000 unit doses of peni-
cillin are repeated at 4 hourly intervals over a 36-hour period.
The insoluble aluminum salt of penicillin has no advantage over the highly
soluble potassium salt of penicillin.
The authors wish to express their indebtedness to Miss Mary Louise Cordes,
and to Miss Elizabeth FitzGerald for technical assistance.
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